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Description 

[0001 ] The present invention is directed to the production of gears and the like and in particular is directed to producing 
gear tooth flank surfaces based upon a theoretical basic gear machine having machine settings active during gear 
5 production. 

[0002] I n the production of gears, especially bevel and hypoid gears, two types of processes are commonly employed, 
generating processes and non-generating processes. 

[0003] Generating processes can be divided into two categories, face milling (intermittent indexing) and face hobbing 
(continuous indexing). In generating face milling processes, a rotating tool is fed into the workpieceto a predetermined 

10 depth. Once this depth is reached, the tool and workpiece are then rolled together in a predetermined relative rolling 
motion, known as the generating roll, as though the workpiece were rotating in mesh with the theoretical generating 
gear, the teeth of the theoretical generating gear being represented by the stock removing surfaces of the tool. The 
profile shape of the tooth is formed by relative motion of the tool and workpiece during the generating roll. 
[0004] In generating face hobbing processes, the tool and work gear rotate in a timed relationship and the tool is fed 

15 to depth thereby forming all tooth slots in a single plunge of the tool. After full depth is reached, the generating roll is 
commenced. 

[0005] Non-generating processes, either intermittent indexing or continuous indexing, are those in which the profile 
shape of a tooth on a workpiece is produced directly from the profile shape on the tool. The tool is fed into the workpiece 
and the profile shape on the tool is imparted to the workpiece. While no generating roll is employed, the concept of a 
20 theoretical generating gear on the form of a "crown gear" is applicable in non-generating processes. The crown gear 
is that theoretical gear whose tooth surfaces are complementary with the tooth surfaces of the workpiece in non- 
generating processes. Therefore, the cutting blades on the tool represent the teeth of the crown gear when forming 
the tooth surfaces on the non-generated workpiece. 

[0006] The relationship between the workpiece and generating gear can be defined by a group of parameters known 
25 as basic machine settings. These basic settings communicate a sense of size and proportion regarding the generating 
gear and the work piece and provide a common starting point for gear design thus unifying design procedures among 
many models of machines. The basic settings totally describe the relative positioning between the tool and workpiece 
at any instant. 

[0007] Basic machine settings for forming gears are known in the art and one such disclosure of them can be found 
30 in Goldrich. "CNC Generation of Spiral Bevel and Hypoid Gears: Theory and Practice" The Gleason Works, Rochester. 
NY, 1990. In this publication, representing the closest prior art currently known to the applicants, basic machine settings 
are identified as follows: (1) the radial, S, which is the distance between the cradle axis and the tool axis; (2) the tilt 
angle, Pi, which defines the angle between the cradle axis and tool axis; (3) the swivel angle, Pj, which defines the 
orientation of the tool axis relative to a fixed reference on the cradle; (4) the cradle angle, q, which defines the angular 
35 position of the tool about the cradle axis; (5) the root angle, Z, which sets forth the orientation of the work support 
relative to the cradle axis; (6) the sliding base, Xb, which is the distance from the machine center to the apparent 
intersection of the work and cradle axis; (7) the head setting, Xp, which is a distance along the work axis from the 
apparent intersection of the work and cradle axis to a point located a fixed distance from the workpiece; (8) work offset, 
Em, which defines the distance between the work axis the cradle axis; (9) rotational position of the workpiece, Wg: 
40 and, (1 0) rotational position of the tool, Wt, which is used in the case of face hobbing. In addition, in generating proc- 
esses, it is necessary to know the ratio-of-roll, Ra, which is the ratio of the rotation of the work piece to the rotation of 
the cradle. 

[0008] In conventional gear forming machines, the cradle angle, work rotation, and tool rotation change during gen- 
eration while the other settings generally remain fixed. Two notable exceptions to this are helical motion which involves 

45 motion of the sliding base, Xb, and vertical motion which is motion in the work offset direction, Em. 

[0009] Conventional mechanical machines for producing bevel and hypoid gears comprise a work support mecha- 
nism and a cradle mechanism which, during generating processes, carries a circular tool along a circular path about 
an axis known as the cradle axis. The cradle represents the body of the theoretical generating gear and the cradle axis 
corresponds to the axis of the theoretical generating gear. The tool represents one or more teeth on the generating gear. 

50 [0010] The conventional mechanical machine meets the concept of the theoretical basic machine since nearly all 
machine settings correspond to theoretical basic settings. Such a machine is shown and described in the previously 
mentioned Goldrich publication. In the mechanical machine, the basic setting for the radial, S, is controlled by an 
angular machine setting known as the eccentric angle which is commonly denoted by "p". 

[0011] In the recent past, gear producing machines have been developed which reduce the number of machine 
55 settings necessary to orient a tool relative to a work piece. These machines transform the settings and movements of 
the conventional mechanical machine to a system of linear, rotational, and pivoting axes which results in a more uni- 
versal yet simplified machine. 

[001 2] One example of a multi-axis machine is shown in U.S. Patent No. 5,257,882 to Stadtfeld et al. In this machine, 
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the eccentric angle, swivel angle, tilt angle, and hypoid offset settings have been eliminated but a cradle, carrying an 
eccentric slide, is still present on the machine. 

[0013] Another multi-axis or free-form machine is shown in U.S. Patent No. 4,981 ,402 to Krenzeretal. This machine 
comprises six axes of movement, three linear and three rotational, to orient a tool and workpiece with respect to one 
5 another. The cradle, eccentric, hypoid offset, and the angular settings to orient the tool have been eliminated. The six 
axes are controlled by a computer in response to setup and operating parameters of the conventional mechanical gear 
generating machine. The machine settings from the mechanical machine are transformed into the kinematic relation- 
ships between the six axes of the multi-axis machine. 

[0014] However, while multi-axis machines represent a simplification of the conventional mechanical machines, all 
10 design calculation and gear theoretical considerations are still based on the theoretical basic machine model having 
a plurality of fixed machine settings. This practice has had the practical effect of limiting the available gear making 
processes of modern multi-axis gear making machines to replications of motions previously available only on older 
mechanical machines. 

[0015] Methods have been proposed to modify gear forming and generating motions in orderto more precisely control 
15 the tooth surface geometry of gears being produced. One such method is disclosed in U.S. Patent No. 5,088,243 to 
Krenzer wherein additional motions are introduced which further control grinding processes with a flared-cup grinding 
wheel. Another method is disclosed in U.S. Patent No. 5,116,173 to Goldrich in which variations in the location of the 
generating gear axis as well as variations in the orientation of the tooth surfaces of the generating gear are included 
in the generating process. 

20 [0016] In either of the above methods however the disclosed modifications would be implemented based on a plu- 
rality of fixed settings, of the type available on a conventional mechanical machine, to define the basic flank design. 
The fixed settings would be superimposed by movements defined directly in terms of the axes of the multi-axis machine 
without taking into account the axes of the theoretical basic machine. This combination of machine models yields an 
approximate tooth surface since superimposition of basic theoretical machine motions with actual motions from other 

25 machines provides a two-model surface which cannot be accurately represented either by tooth contact analysis or 
tooth flank surface data. 

[0017] In any case, to date, gear calculations have been limited due to the fixed settings of the theoretical machine 
used to make those calculations, and it has never been realized to make gear theoretical considerations based upon 
all settings of the theoretical gear machine being free or active. Thus, although the multi-axis machine is capable of 
30 orienting the tool and work piece in almost any position relative to one another, the discovery of additional motions or 
freedoms has been constrained by the fixed settings of the theoretical basic machine. 

Summary of the Invention 

35 [0018] The inventive method as defined in claims 1,19 and 37 respectively comprises providing a gear producing 
machine having a work gear rotatable about a work axis and a tool rotatable about a tool axis with the tool and work 
gear being movable with respect to one another along and/or about a plurality of axes. The invention also provides a 
theoretical basic machine comprising a plurality of machine settings for relatively positioning and moving said tool and 
work gear with respect to one another. Each of the machine settings is defined as an active setting with each active 

40 setting being represented by a function. 

[0019] A desired tooth flank surface modification is determined by defining a set of coefficients for each active setting 
and the function for each active setting is then determined based upon the respective coefficients for each active 
setting. The functions may be generally expressed as: 

45 

f(6) = a 0 + ^ * A0 + 2j *A6* + ^ *A6 J + ^ *A0 4 

where: 

50 

f(6) = function defined in terms of lead motion, 
G = lead motion, 

a 0 , a-i, a 2 , a 3 , a 4 = coefficients to control the relationship between the particular axis and the lead motion. 

55 [0020] The functions are transformed from the theoretical basic machine to the axes arrangement of a gear producing 
machine. By this transformation, active settings movements defined on the theoretical machine can be carried out on 
one or more of the axes of the gear producing machine to remove stock material from the work gear with the tool in 
accordance with the active setting functions of the basic machine. The present inventive method applies to generating 
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and non-generating processes. 

[0021] The active setting equations of the theoretical machine may be represented by single functions applied along 
the entire length of the tooth surface to describe the entire length of the tooth surface. However, the present invention 
contemplates two or more lengthwise sections on the tooth surface and applying separate functions to each section. 
5 [0022] The present invention encompasses additional freedoms in gear development by providing for theoretical 
basic machine motions by considering all basic machine axes, which previously had been static settings, to be active 
and to be used to describe relative motions between to tool and work gear. 

[0023] In addition, with the present invention, the practice of heretofore combining actual and/or mathematical mod- 
els, to describe tooth surface modifications, is overcome. One model describing all tooth surface changes now exists 
10 thus allowing accurate tooth contact analysis and flank surface data to provide a clear representation of a desired tooth 
surface prior to the actual manufacturing process. 

Brief Description of the Drawings 

15 [0024] 

Figure 1 is a schematic representation of a theoretical basic gear machine which is also representative of a con- 
ventional mechanical machine. 

20 Figure 2 is a schematic representation of a free-form six-axes gear manufacturing machine. 

Figure 3 shows a mathematical model of the theoretical basic machine from a front view perpendicular to the 
machine cradle. 

25 Figure 4 shows a mathematical model of the theoretical basic machine viewed along coordinates Y 5 -Z 5 of Figure 3. 

Figure 5 shows a mathematical model of a top view of the theoretical basic machine. 
Figure 6 illustrates a three-dimensional view of a generating system. 

30 

Figure 7 illustrates a tooth flank surface with calculation points located thereon. 
Figure 8 illustrates a tooth surface comprising a plurality of individually modified lengthwise sections. 
35 Figure 9 shows a tooth surface modification according to the present invention. 

Detailed Description of the Preferred Embodiments 

[0025] The present invention will now be discussed with reference to the accompanying Drawings. 
40 [0026] The present invention provides a method of modifying the tooth surfaces of a work gear and is based upon 
the discovery that by removing the fixed constraint of basic settings in the theoretical basic gear machine, tooth surfaces 
of the theoretical generating gear as well as the relationship between the work gear and generating gear can be modified 
by replacing the fixed settings with functions that permit the settings to vary thus influencing the surface geometry of 
the work gear teeth. 

45 [0027] Figure 1 illustrates a theoretical basic gear machine comprising a machine base 2, a tool head 4 linearly 
movable on ways 6 attached to machine base 2. The basic machine also includes a work head 8 linearly movable on 
ways 10 attached to work table 12 which is movable in an arcuate path on way 1 4 about pivot axis W P . 
[0028] Mounted on tool head 4 is a cradle 1 6 which is rotatable about cradle axis W c and attached to cradle 1 6 is a 
series of adjustable drums 18, 20, and 22 which control the eccentric, swivel, and tilt angles respectively. These drums 

50 are set to position the tool 24, rotatable about tool axis W T , in an appropriate manner with respect to the work gear 26. 
[0029] Work head 8 includes slide 28 which in turn carries work gear 26 rotatable about work axis W G . Slide 28 is 
positioned and set to the desired hypoid offset distance. 

[0030] The axes of the theoretical machine all have a gear theoretical meaning. The theoretical gear machine pref- 
erably comprises eight axes although more or less could be present and are within the scope of the present invention. 
55 Movement of tool head 4 on ways 6 defines the sliding base setting. Xb, to control the depth of cut. Positioning of slide 
28 controls the vertical motion or hypoid offset, Em. Movement of work head 8 along ways 1 0 controls head setting or 
pitch cone setting, Xp. Motion of the work table 12 about axis W P sets the root angle, E. Rotational adjustment of drum 
18 (eccentric angle) adjusts the spiral angle of the work gear. Rotational adjustment of drums 20 and 22 sets the 
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position of the cutter axis, swivel (angle Pj) and tilt (angle Pi) respectively to adjust the flank profile and influence 
lengthwise crowing and mesh crowning. Rotation of the cradle 16 provides rotation of the generating gear (angle y) 
about axis W c . Axes W T and W G provide for rotation of the tool and work gear respectively. If a gear is to be produced 
by a generating method, then a ratio-of-roll, Ra, which is the ratio of work gear rotation to cradle rotation, is also needed. 
5 [0031] Figure 2 schematically represents a free-form gear manufacturing machine of the type disclosed by the pre- 
viously mentioned U.S. Patent No. 4,981,402. This machine comprises a machine base 30, tool head 32, and work 
head 34. Tool slide 36 is mounted for linear movement (A y ) to tool head 32 via ways 38 and tool head 32 is mounted 
for linear movement (A x ) to machine base 30 via ways 40. Tool 42 is mounted to tool slide 36 and is rotatable about 
tool axis W T . 

10 [0032] Work head 34 is mounted for arcuate (pivoting) movement (A p ) to work table 44 via way 46 and work table 
44 is mounted for linear movement (A z ) to machine base 30 via ways 48. Work gear 50 is mounted to work head 34 
and is rotatable about work gear axis W G . 

[0033] Figures 3, 4, and 5 show three different views of a mathematical model of the theoretical basic machine. 
Figure 3 shows the front view perpendicular to the cradle 1 6 of Figure 1 . Axis Z 3 points perpendicularly into Figure 3. 
15 The setting Em represents the hypoid offset, setting S is the eccentricity, RCP is the cutter radius, Pj is the cutter tilt 
orientation and y 0 is the mean cradle roll position. 

[0034] Figure 4 shows a view perpendicular to the coordinate system Y 5 -Z 5 of Figure 3. The angle Pi between axes 
Y 5 and Y 6 represents the cutter head tilt angle. 

[0035] Figure 5 shows a top view of the basic theoretical machine. The setting Xb is the length adjustment between 
20 the work gear and the cutter head column, setting Xp adjusts the cone distance, Z is the work cone (machine root 
angle) adjustment, and Xc is the cutter head axial adjustment. 

[0036] Figure 6 shows a three dimensional view of a generating system. It is the conversion of the basic machine 
system in a vectorial form which allows a vectorial solution to the Gearing Law (defined below). The generating gear 
is connected on axis Z 3 and rotates with y 3 . The pitch apex of the generating gear is located -TZ 3 from the coordinate 

25 origin. The work gear is connected to axis Z 2 and rotates with -y 2 . The pitch apex of the work gear is located TZ 2 from 
the coordinate origin. The hypoid offset is TX. The vector T keeps the work gear positioned relative to the generating 
gear. Each component of T can change according to a fourth orderfunction. This is relative to the basic machine (Figure 
1) movements of helical motion, Xb, head setting, Xp, and hypoid offset, Em. The cone adjustment, 2, can change its 
value according to a fourth order function which is a rotation in direction £2v. RP is the vector to a principle point of the 

30 flank surface of the generating gear. 

[0037] The solution of the Gearing Law finds the generating point. The Gearing Law is expressed as: 

|N 3 X R 3 | = |N 2 X R 2 | »Ra 

35 

[0038] For a defined situation such as an external gear pair, a maximum of two solution vectors can be found and 
only one is physically meaningful. This means for the solution of the Gearing Law, a radius vector, R 3 , rotating around 
axis Z 3 with a normal vector N 3 can only in one angular position y 3 define a radius vector R 2 which can rotate around 
axis Z 2 such that R 2 has a colinear normal vector N 2 and fulfills, for an infinite small rotation -y 2 , the requirement of the 
40 ratio Ra to y 3 if R 2 and R 3 stay in contact for this small rotation. 

[0039] Therefore, the vector RP is rotated around Z 3 about y 3 . This makes RP to the solution vector R 3 . R 2 is the 
solution vector in the work gear system (X 2 , Y 2 , Z 2 ). y 2 is the angle to rotate the work gear generation point to bring it 
in the outgoing position (y 3 X Ra where Ra is the ratio of roll, which can be a fourth orderfunction, related to the cradle 
roll y). 

45 [0040] Gear design calculations based on the theoretical gear machine are converted into practice by transforming 
the design results to a real cutting or grinding machine. In the case of using a mechanical cradle style machine, it is 
relatively simple since the cradle style machines meets the same concept as the theoretical basic machine. 
[0041] In the case of the free-form machine of Figure 2, transformation of the basic machine data is more complex. 
All of the settings of the basic machine have to be converted into kinematic relationships between the axes of the f ree- 

50 form machine. Also, the kinematic relationships in the basic machine like the constant rolling motion or a helical motion 
(in the direction of ways 6 in Figure 1 ) have to be converted. The rolling motion of the work will not be constant anymore 
and the helical motion is normally not oriented in the length direction of the machine and its direction is changed during 
the generating roll. Transformation from a basic or mechanical machine to a free-form machine is known and a further 
discussion of the transformation from mechanical machine settings to the axes arrangement of the free-form machine 

55 can be found in previously mentioned U.S. Patent No. 4,981 ,402. 

[0042] Any tooth surface modifications developed, such as those modifications previously described in U.S. 
5,088,243 or 5.1 1 6,1 73, must be capable of being defined on the theoretical basic machine in order forthe modifications 
to be exactly implemented, either on a mechanical machine or when transformed to a free-form machine. Tooth surface 
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modifications not completely definable due to fixed setting constraints of the theoretical machine must be, at best, 
approximated and superimposed onto the motions for generating the basic tooth form. Therefore, the desired modified 
tooth surface will not be precisely formed. 

[0043] Due to the different axes configuration of the free-form machine and theoretical basic machine, tooth surface 
5 modifications defined by axes movement on the free-form machine must either be superimposed on a gear manufac- 
turing process transformed from basic machine settings, or, must be defined in terms of the theoretical basic machine 
which, with the constraints of fixed settings, may also lead to a modified tooth surface approximation being the best 
attainable surface. 

[0044] Whether tooth surface modifications are superimposed or approximated, no reliable tooth contact analysis 
10 and no flank surface data is obtainable since the tooth surface modification data does not refer to one physical machine 
or mathematical model. A mixture of two models, theoretical superimposed with free-form motions or theoretical com- 
bined with constrained approximations, is not a precise and stable definition of a f lanksurface and a generating process. 
In the case of superimposing an analytical correction to a model or mixing two models, the Gearing Law is only applied 
for the basic tooth form and not for the correction and not for the superimposed result (basic flank plus correction). In 
15 situations prior to the manufacture of a gear or pinion, it has not been possible to know if undercut, interference, or 
secondary cuts would appear and destroy the flank surface and hence, the part. Staying in one model allows the 
Gearing Law to be applied which is the most economical procedure of gear calculation since flank surface calculation, 
contact analysis, and undercut or interference checks are possible. 

[0045] It has now been discovered that by removing the constraints of the fixed settings on the theoretical basic 
20 machine, tooth surface modifications may be exactly defined in terms of one or more settings of the basic machine. In 
other words, the present invention presents all settings of the theoretical machine as active or alive. 
[0046] The present invention allows the generating gear to change its flank form and the work gear to change its 
position and angle while rolling. In the theoretical basic machine of the prior art, the generating geartooth flank as well 
as the work gear position and angle were fixed. These limitations were likewise present on actual mechanical machines, 
25 since these machines correspond to the theoretical basic model, and on free-form machines since theoretical basic 
settings are transformed to the axes arrangement of the free-form machines. 

[0047] Since the axes of the theoretical basic machine all have a gear theoretical meaning, each axes is now rep- 
resented by a function. The step from a geometric machine to a kinematic basic machine requires a connection of all 
the machine axes to a lead motion, for example, the cradle rotation angle or work gear rotation angle, with a kinematic 
30 relationship. The polynomial should be at least a second order equation and preferably at least a fourth order equation. 
The following general formula equation shows a preferred function: 



a 0 , a 1; a 2 , a 3 , a 4 = coefficients to control the relationship between the particular axis and the lead motion. 

[0048] While a polynomial function is preferred, the present invention may also be described by other functions, such 
as exponential, logarithmic, or trigonometric. 
45 [0049] To arrive at an entire kinematic working basic machine, it is also necessary to define the ratio-of-roll between 
the generating gear and the work gear as a polynomial function of a leading motion. The polynomial should be at least 
a second order equation and preferably at least a fourth order equation. 



35 



f(6) = a 0 + ^ * AG + 2j *AG 2 4- 3? *AG 4- ^ *A9 4 



where: 



40 



f(9) = function defined in terms of lead motion, 
G = lead motion, 



50 




*AG 4 ) 



wherein: 



55 



Ra = the ratio-of-roll, 

Ra 0 , Ra 1; ... = coefficients to control the relationship between the tool and work gear, 
AG = lead motion. 
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[0050] In generating processes, using the angle of cradle rotation as the lead function, the following nine basic 
settings may be activated or "modified" during generation: modified roll (Ra), helical motion (Xb), vertical motion (Em), 
modified eccentricity (S) ; modified cone distance (Xp), modified tilt (Pi), modified swivel (Pj), modified cutter head axial 
adjustment (Xc), and, modified root angle (Z). 

[0051] Basic machine generating motions may be divided into two groups, those influencing the relationship between 
the work gear and generating gear while rolling, and those influencing the shape of the generating gear tooth flank. 
The following relationship describes those motions (helical motion Xb, vertical motion Em, modified cone distance Xp, 
and modified root angle 2) which influence the work gear and generating gear during rolling: 

AS 9 n AS 1 3 AS A A 

AS = AS 0 + AS. *A9 + — - *A9 + — - *A6 +- *A9 
o 1 2 6 24 



VAS = AS^ + AS 2 *A0 + *A9" + *A0° 



ASn p AS a 



wherein: 



20 AS = the particular active setting, 

VAS = first derivative of the active setting, 

AS 0 , AS 1; ... = coefficients to control the relationship between the tool and work gear, 
A6 = lead motion. 

25 [0052] The first derivative, VAS, of the active setting equation accounts for the velocity of the position change de- 
scribed by equation AS. 

[0053] In generating processes, ratio-of-roll also modifies the configuration between the generating gear and the 
work gear. The equation representing the ratio-of-roll, Ra, relationship is shown above. 

[0054] As for those generating motions which influence the flank surface of the generating gear (modified eccentricity 
30 s, modified tilt Pi, modified cutter head axial adjustment Xc. and, modified swivel Pj), the following equation describes 
their relationship: 



AS 9 2 AS* 3 AS, 4 
AS = AS 0 + AS* *A9 + *A0 + — - *A9 + — - *A9 
0 1 2 6 24 



VAS= {AS^ + AS 2 *A0 + ^ *A9 2 + ^ *A9 3 ) * £lj 



wherein: 



AS = the particular active setting, 
VAS = first derivative of the active setting, 
45 AS 0 , AS 1; ... = coefficients to control the relationship between the tool and work gear, 

A9 = lead motion, and, 
Q. T = velocity of lead motion. 

[0055] As with the relationship of the generating gear and work gear discussed above, the equation representing 
so the modification of the generating gear tooth flank surface is accompanied by its first derivative equation, VAS, which 
is multiplied by the velocity of the lead rotation. 

[0056] In non-generated gears, tooth flanksurfaces may be produced according to known form-cutting methods such 
as flared-cup cutting and grinding. The tooth flank surface is "generated" by moving the tool through the tooth slot 
along a circular path. This is a feed motion. According to the present invention, the theoretical basic machine having 
55 active or "living" axes can provide for any kind of tooth flank modification with the lead motion being : for example, the 
tool feed motion. The relationship for non-generating processes can be expressed as: 
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AS 9 2 AS- 3 AS, 4 
AS = AS n + AS. * AG + — = *AG + — - *AG + —f *AG 
o 1 2 6 24 



VAS={AS^ + AS 2 *AG + ^ *AG 2 + ^ *AG 3 ) * £2 T 



wherein: 



AS = the particular active setting, 
VAS = first derivative of active setting, 

AS 0 , AS 1s ... = coefficients to control the relationship between the tool and work gear, 
AG = lead motion, 
15 n T = velocity of lead motion. 

[0057] Of course in non-generating processes there is no generating roll and, therefore, no ratio-of-roll. However, 
work gear rotation, W G , must be taken into consideration and the above equation should also be applied to the work 
gear rotation in relationship to the lead motion. Otherthan the work gear rotation, the remaining active settings comprise 

20 helical motion (Xb), modified hypoid offset (Em), modified eccentricity (S), modified cone distance (Xp), modified tilt 
(Pi), modified swivel (Pj), modified cutter head axial adjustment (Xc), and, modified root angle (Z). 
[0058] It should also be understood that since no generating roll is present in non-generating processes, there is no 
corresponding relationship between a generating gear and a work gear. Hence, theoretical basic machine axes motions 
need only set forth the relationship between the tool and work gear in terms of those axes motions which effect the 

25 flank surface of the "generating gear," i.e. crown gear. Nearly all generating gear flank surface modifications can be 
described with less than the nine active axes named above and preferably only four axes are required. 
[0059] Two groups of four axes may be defined to completely describe flank surface modifications of the generating 
gear in non-generating processes. The first group comprises helical motion (Xb), modified hypoid offset or vertical 
motion (Em), modified cone distance (Xp), and modified root angle (2). The second and preferred group comprises 

30 helical motion (Xb), modified eccentricity (S). modified cone distance (Xp), and modified root angle (£). 

[0060] Regardless of the manner in which the tooth flank surface is formed, i.e. generated or non-generated, the 
present inventive method is preferably carried out by defining the desired tooth surface geometry by a series of cal- 
culation points. With an equation to the fourth order, for example, five unknowns (a 0; a 1s a 2 , a 3 , and a 4 ) are present in 
the active setting equations. Therefore, five calculation points are required to provide the same number of unknowns. 

35 Of course it can be seen that regardless of the order of the equation, the number of tooth surface calculation points 
will equal the number of unknowns in the equation. 

[0061] The classic gear calculation requires, starting with the basic parameters, a calculation of the machine setup 
based on one point, normally the tooth flank center point (P3 in Figure 7, for example). Since the present invention 
uses a kinematic function to define machine settings, it is possible to have a flank surface which is not defined from 
40 one calculation point. In the case of a fourth order function, five calculation points allow the five parameters of the 
function to be defined. 

[0062] Figure 7 shows a tooth flank surface 60 having contact or generation lines 62 and a path of contact 64. If the 
active setting equation AS is to the fourth order, thus having five unknowns, five calculation points P1-P5 are needed. 
Since the tooth surface is a generated surface, the active settings are modified roll (Fta), helical motion (Xb), vertical 
45 motion (Em), modified eccentricity (S), modified cone distance (Xp), modified tilt (Pi), modified swivel (Pj), modified 
cutter head axial adjustment (Xc), and, modified root angle (Z). 

[0063] Depending on the desired tooth surface at each point, calculation points P1-P5 are assigned a respective 
value for each of the eight axes thus yielding five calculation point values for each of Fta, Xb, Em, S, Xp, Pi, Pj, Xc, 
and Z along the length of the tooth surface. In other words, each calculation point may have as many as eight compo- 
50 nents since there are eight active axes. It is to be understood that the axes may have a value of zero at one or more 
of the calculation points. 

[0064] Each active setting equation, AS, is then solved using the respective calculation points value for the particular 
axis to determine the coefficients a 0 - a 4 . This may be accomplished in any known manner with the well known Gauss 
algorithm being a preferred method. For example, the modified eccentric. S, would yield calculation points S(P1), S 
55 (P2), S(P3), S(P4), and, S(P5) along the tooth length for a given tooth surface geometry. With these values, coefficients 
S 0 , S 1( S 2 , S 3 , and, S 4 would be calculated as stated above. The equations for the modified eccentric, S, would be 
expressed as follows: 
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S= S n + S- *AG + *AG 2 + *AG 3 + *A6 4 
o 1 2 6 24 



VS = (S 1 + S 2 *AG 4- y *AG 2 + y *AG 3 ) * ^ 7 

[0065] In this example, AG would preferably be the lead angle of the cradle roll and £l T would then be the cradle 
10 rotational velocity. 

[0066] It should be understood that the present invention is not limited to the determination of coefficients a 0 - a 4 by 
use of identification points as discussed above. For example, the coefficients may be determined by defining the contact 
characteristics of the desired gear pair, or, by defining ease-off in conjunction with a corrective matrix in combination 
with a least squares method. 

15 [0067] The above example applies the active setting equations of the theoretical machine along the entire length of 
the tooth surface as seen in Figure 7. However, with a single function describing an entire tooth surface, changes to 
the function in an effort to influence the tooth ends, for example, may have undesirable effects on the center portion 
of the tooth. Therefore, the present invention contemplates two or more lengthwise sections on the tooth surface as 
shown by Figure 8 (which comprises three sections) and applying separate functions to each section. 

20 [0068] In this embodiment, the tooth surface of each section may be described by a separate set of active setting 
equations. To retain continuity between the sections, the ending calculation point in one section may be utilized as the 
starting point in the next section. It is to be understood that the lengthwise dimension of the sections need not be equal. 
[0069] In Figure 8, section 1 is the heel end of tooth flank surface 66. The heel is the entrance area of the tooth flank. 
The aim of a correction (modification) to the heel end would be to reduce noise due to impact of first contact with a 

25 mating tooth. 

[0070] Section 2 is the center area of tooth flank surface 66. This area should transmit the motion with a small motion 
error under load. 

[0071] Section 3 is the toe end of tooth flank surface 66 and is the exit area where the contact with the actual mate 
tooth ends. The aim of a correction in this section would be to prevent edge contact and provide a high contact ratio 
30 with minimal motion error. 

[0072] For an optimal use of the flank surface, the coefficients of the setting functions can be calculated separately 
for each section. The first five calculation points (1-5) are chosen along the generating path. This delivers the first set 
of fourth order functions for Section 1 . 

[0073] The coefficients of Section 2 can also be defined by five points (6-1 0) along the generating path. To match 
35 the last portion of the contact line of Section 1 with the first portion of the contact line of Section 2, points 5 and 6 can 
be identical. 

[0074] The same procedure described with respect to Sections 1 and 2 can be applied to points 11 -1 5 of Section 3. 
To match the last portion of the contact line of Section 2 with the first portion of the contact line of Section 3, points 1 0 
and 11 can also be identical. 

40 [0075] It is to be understood that, although preferred, the invention is not to be limited to having the last identification 
point in one section be identical to the first identification point in an adjacent section. The present invention also con- 
templates having functions in adjacent sections overlap for a distance in either or both sections in order to maintain 
continuity. Also, the present invention includes functions in adjacent sections having no common point of intersection. 
[0076] To get a smooth flank surface (steady surface after the second derivative), a first step may comprise all 1 5 

45 points describing an outgoing basic flank, as described by center point 8. In this case, all coefficients except the zero 
order do not exist, i.e. they are zero. All zero order coefficients of the three sections would be the same. The second 
step can apply tooth surface modifications which activates some or all of the coefficients in one or more of the sections. 
[0077] It can also be appreciated, on a multi-section tooth surface, that some sections may be modified while other 
sections may comprise no surface modifications (zero surface modification) beyond the generated surface formed by 

50 the basic machine axes settings (zero order only). For example, in a three-section tooth surface, the first and third 
sections may be modified in some manner and the middle section may comprise no modifications at all. 
[0078] Figure 9 shows the displacement of a flank correction where 70 is the topland, 72 the toe , and 74 the heel 
of a bevel gear tooth. Both corrections of the pinion and gear member are mathematically converted and presented in 
the gear tooth of Figure 9. A kinematic exact or conjugate pairing would have no displacement. The topographies of 

55 Figure 9 show the difference of modified or optimized flank surfaces 76, 78 to conjugate ones 80, 82. 

[0079] The most difficult case of a correction is an exotic higher order flank modification of the pinion convex and 
gear concave pairing together with any other flank modification of the pinion concave and gear convex pairing if the 
pinion and gear are produced in a completing process which means the tool forms or generates both flanks (convex 
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and concave) at the same time. 

[0080] To realize the modulation of Figure 9 precisely on the surface of the pinion flank, the basic machine settings 
of helical motion Xb, eccentricity S. swivel Pj, tilt Pi, pitch cone distance Xp, and machine root angle Z must be activated 
with a function, preferably of the fourth order although the invention contemplates a second order as a minimum. Since 

5 all the axes of the basic machine have a gear theoretical meaning, the surfaces in Figure 9 can be broken down into 
a fourth order pressure angle modification (Pj. and Pi in Figure 1), a fourth order spiral angle modification (S in Figure 
1), a fourth order cone distance modification (Xp in Figure 1), a fourth order tooth thickness modification effected by a 
fourth order helical motion (Xb in Figure 1), a defined fourth order root line modification (Z in Figure 1), and a fourth 
order ratio-of-roll modification (Ra). Preferably, the tooth flank of Figure 9 is divided into three sections and the functions 

10 applied separately to each section as discussed in reference to Figure 8. 

[0081] None of the axes q, S, Pj, and Pi of Figure 1 are available in the free-form machine of Figure 2. The axes Xb, 
Xp, Em, and Z of Figure 1 have a different meaning than the correspondingly positioned orthogonal axes (A x , A y , A z ) 
and pivot axis (A p ) of the free-form machine of Figure 2. Prior to the present invention, the displacement functions of 
Figure 9 could just be approximated by making the conjugate calculation with the basic machine model and superim- 

15 pose this with a modulation of the free-form machine (Figure 2) motions. With superimposing, there exists no tooth 
contact analysis and no flank surface data which refer to one physical machine or one mathematical model. A mixture 
of two models or a model superimposed with analytical functions is not a precise and stable definition of a flank surface 
and a generating process. 

[0082] A superimposition of two models or a model and an analytical function gives no information whether the 
20 resulting tooth surface can be machined. This means interferences, undercuts, or secondary cuts may destroy portions 
of the flank surface since the Gearing Law can be applied to only one model. Furthermore, it is more efficient to produce 
an optimal tooth surface design, including corrections, in one model. 

[0083] The modification shown in Figure 9 is the result of a consideration to reduce rolling noise, lower the sensitivity 
and improve the load capacity. With the methods of the prior art, it has not been possible to produce two corresponding 

25 functions in a completing process to form the modulations in Figure 9. 

[0084] The present invention makes it is possible to produce tooth flank length curvature other than circular in single 
(intermittent) indexing processes and other than cycloidal in continuous indexing (face hobbing) processes. For exam- 
ple, it is possible to grind a form-cut gear with a lead function of a cycloid in a single indexing process. It is also possible 
to grind gears which were produced by face hobbing since an appropriate lead function can direct the grinding wheel 

30 to follow the cycloidal tooth length form of the cut gear. 



Claims 

35 1. A method of producing flank surface modifications in gear teeth by controlled removal of stock material from a 
work gear (50) with a tool (42), said method comprising: 

providing a gear producing machine, said machine having a work gear rotatable about a work axis and a tool 
rotatable about a tool axis, said tool and said work gear being movable with respect to one another along and/ 
40 or about a plurality of axes, (A x ,A y ,A z ), 

providing a theoretical basic machine comprising acradle and including a plurality of machine axes for relatively 
positioning and moving said tool and work gear with respect to one another, each of said axes representing 
a basic machine setting having a gear theoretical meaning, 

defining each of said plurality of machine settings as an active setting with each said active setting being 
45 represented by a function, 

defining a desired tooth flank surface modification by determining a set of coefficients for each of said active 
settings indicative of said modification, 

determining said function for each active setting based upon said coefficients for said each active setting, 
transforming each active setting function from said theoretical machine to the axes arrangement of said gear 
50 producing machine whereby active settings movement defined on said theoretical machine is carried out on 

one or more of the axes of said gear producing machine, 

removing stock material from said work gear with said tool in accordance with said active setting functions. 

2. The method of claim 1 wherein said determining coefficients comprises selecting a plurality of identification points 
55 on said flank surface, the position of each of said points being described by a position value for each of said 

machine settings, and, 

determining said coefficients based on said position values. 
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3. The method of claim 1 wherein said identification points are located along a path of contact on said tooth flank 
surface. 

4. The method of claim 1 wherein each said active function is a function to at least the second order. 

5. The method of claim 4 wherein each said active function is a function to at least the fourth order. 

6. The method of claim 1 wherein said controlled removal of stock material is a generating process. 

7. The method of claim 6 comprising at least nine active settings on said theoretical basic machine. 

8. The method of claim 7 wherein said active settings comprise modified roll (Ra), helical motion (Xb), vertical motion 
(Em), modified eccentricity (S), modified cone distance (Xp), modified tilt (Pi), modified swivel (Pj), modified cutter 
head axial adjustment (Xc), and, modified root angle (E). 

9. The method of claim 8 wherein said active setting function for said modified eccentricity (S), said modified tilt (Pi), 
said modified cutter head axial adjustment (Xc), and said modified swivel (Pj) is defined by: 



AS = the particular active setting, 

VAS = the first derivative of the active setting, 

AS 0 , AS 1 .... = coefficients to control the relationship between the tool and work gear, 

AG = lead motion, and, 

£2 T = velocity of lead motion. 

10. The method of claim 8 wherein said active setting function for said helical motion (Xb), said vertical motion (Em), 
said modified cone distance (Xp). and, said modified root angle (Z) is defined by: 



AS = AS 0 + AS^ *A9 + 





wherein: 




AS AS 

VAS = AS* + AS 2 *A0 + — - *A6 2 + — - 
2 6 



*A9 3 



wherein: 



AS = the particular active setting, 
VAS = first derivative of active setting, 

AS 0 , AS 1; ... = coefficients to control the relationship between the tool and work gear, 
A0 = lead motion. 



11. The method of claim 8 wherein said active setting function for said ratio of roll (Ra) is defined by: 
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wherein: 

Ra = the ratio of roll setting, 

Ra 0 , Ra.,,... = coefficients to control the relationship between the tool and work gear 
5 AG = lead motion. 

12. The method of claim 1 wherein said controlled removal of stock material is a non-generating process. 

13. The method of claim 12 wherein said active setting 
10 function is defined by: 

AS- 2 /\So o AS, a 
AS = AS* + AS. *AQ + — - *AG + — ^ *AG J + — -f *AG 
0 1 2 6 24 



15 



AS* 2 AS A 3 

VAS = (AS, + AS 2 *AG + — - *A0 + *A8 ) * O r 



20 wherein: 

AS = the particular active setting, 
VAS = first derivative of active setting, 

AS 0 , AS-| .... = coefficients to control the relationship between the tool and work gear, 
25 AG = lead motion, 

£2 T = velocity of lead motion. 

14. The method of claim 12 comprising at least four active theoretical basic machine settings. 

30 15. The method of claim 14 wherein said active settings comprise at least one of modified work gear rotation position 
(Wg), helical motion (Xb), modified hypoid offset (Em), modified eccentricity (S), modified cone distance (Xp), 
modified tilt (Pi), modified swivel (Pj), modified cutter head axial adjustment (Xc), and, modified root angle (E). 

1 6. The method of claim 1 5 wherein said active settings comprise helical motion (Xb), modified hypoid offset or vertical 
35 motion (Em), modified cone distance (Xp), and modified root angle (£). 

17. The method of claim 15 wherein said active settings comprise helical motion (Xb), modified eccentricity (S), mod- 
ified cone distance (Xp), and modified root angle (Z). 

40 18. The method of claim 1 wherein said work gear is a face hobbed gear having cycloidally extending tooth flank 
surfaces, said tool is a grinding wheel, and said functions describe a grinding path along said cycloidally extending 
tooth flank surfaces. 

19. A method of producing flank surface modifications in gear teeth by controlled removal of stock material from a 
45 work gear (50) with a tool (42), said method comprising: 

providing a gear producing machine, said machine having a work gear rotatable about a work axis and a tool 
rotatable about a tool axis, said tool and said work gear being linearly movable with respect to one another 
along three mutually orthogonal axes (A x ,A y ,A z ) and angularly about a pivot axis (Ap), 
50 providing a theoretical basic machine comprising acradle and including a plurality of machine axes for relatively 

positioning and moving said tool and work gear with respect to one another, each of said axes representing 
a basic machine setting having a gear theoretical meaning, 

defining each of said plurality of machine settings as an active setting with each said active setting being 
represented by a function, 

55 defining a desired tooth flank surface modification by determining a set of coefficients for each of said active 

settings indicative of said modification, 

determining said function for each active setting based upon said coefficients for said each active setting, 
transforming each active setting function from said theoretical machine to the axes arrangement of said gear 
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producing machine whereby active settings movement defined on said theoretical machine is carried out on 
one or more of the axes of said gear producing machine, 

removing stock material from said work gear with said tool on said gear producing machine in accordance 
with said active setting functions. 

5 

20. The method of claim 1 9 wherein said determining coefficients comprises selecting a plurality of identification points 
on said flank surface, the position of each of said points being described by a position value for each of said 
machine settings, and, 

determining said coefficients based on said position values. 

10 

21. The method of claim 19 wherein said identification points are located along a path of contact on said tooth flank 
surface. 

22. The method of claim 1 9 wherein each said active function is a function to at least the second order. 

15 

23. The method of claim 1 9 wherein each said active function is a function to at least the fourth order. 

24. The method of claim 19 wherein said controlled removal of stock material is a generating process. 
20 25. The method of claim 24 comprising at least nine active theoretical basic machine settings. 

26. The method of claim 25 wherein said active settings comprise at least one of modified roll (Ra), helical motion 
(Xb), vertical motion (Em), modified eccentricity (S), modified cone distance (Xp), modified tilt (Pi), modified swivel 
(Pj), modified cutter head axial adjustment (Xc), and, modified root angle (E). 

25 

27. The method of claim 26 wherein said active setting function for said modified eccentricity (S), said modified tilt 
(Pi), said modified cutter head axial adjustment (Xc), and said modified swivel (Pj) is defined by: 

ASry O ASr> Q AS A A 

30 AS = AS n + AS. *A9 + — - *A6 + *AG d + — -f *A6 

0 1 2 6 24 



VAS = {AS, + AS 2 *AG + — - *AG 2 + *AG 3 ) * O r 

35 ' 2 6 

wherein: 

AS = the particular active setting, 
40 VAS = first derivative of active setting, 

AS 0 , AS.,,... = coefficients to control the relationship between the tool and work gear, 

AG = lead motion, and, 

£2 T = velocity of lead motion. 

45 28. The method of claim 26 wherein said active setting function for said helical motion (Xb), said vertical motion (Em), 
said modified cone distance (Xp). and, said modified root angle (E) is defined by: 

AS? 2 ASr, 3 AS, a 
AS = AS Q + AS. *A9 + — ^ *AG + *AG + —f *AG 
ffl 0 1 2 6 24 



VAS = AS, + AS 9 *A6 + ^ *AG 2 + ^ *AG 3 
2 o 



55 

wherein: 



AS = the particular active setting, 
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VAS = first derivative of active setting, 

AS 0 , AS 1; ... = coefficients to control the relationship between the tool and work gear, 
AG = lead motion. 



29. The method of claim 26 wherein said active setting function for said ratio of roll (Ra) is defined by: 



Ra = Ra 0 * (1— -± *A6 - *A6 - — ^ *AG J - — £ *A6 4 ) 
o v 2 24 24 120 ; 



wherein: 



Ra = the ratio of roll setting, 

Ra 0 , Ra^... = coefficients to control the relationship between the tool and work gear 
AG = lead motion. 

30. The method of claim 19 wherein said controlled removal of stock material is a non-generating process. 

31. The method of claim 30 wherein said active setting function is defined by: 



AS = the particular active setting, 
VAS = first derivative of active setting, 

AS 0 , AS 1; ... = coefficients to control the relationship between the tool and work gear, 

AG = lead motion, 

Q. T = velocity of lead motion. 

32. The method of claim 30 comprising at least four active theoretical basic machine settings. 

33. The method of claim 32 wherein said active settings comprise modified work gear rotation position (Wg). helical 
motion (Xb), modified hypoid offset (Em), modified eccentricity (S) ; modified cone distance (Xp), modified tilt (Pi), 
modified swivel (Pj), modified cutter head axial adjustment (Xc), and modified root angle (I). 

34. The method of claim 33 wherein said active settings comprise helical motion (Xb), modified hypoid offset or vertical 
motion (Em), modified cone distance (Xp), and modified root angle (X). 

35. The method of claim 33 wherein said active settings comprise helical motion (Xb), modified eccentricity (S), mod- 
ified cone distance (Xp), and modified root angle (Z). 

36. The method of claim 19 wherein said work gear is a face hobbed gear having cycloidally extending tooth flank 
surfaces, said tool is a grinding wheel, and said functions describe a grinding path along said cycloidally extending 
tooth flank surfaces. 

37. A method of producing flank surface modifications in gear teeth by controlled removal of stock material from a 
work gear (50) with a tool (42), said method comprising: 

providing a gear producing machine, said machine having a work gear rotatable about a work axis and a tool 
rotatable about a tool axis, said tool and said work gear being movable with respect to one another along and/ 
or about a plurality of axes (A x , A y! A z , A p , W G , W T ) 



AS = AS 0 + AS^ *AQ + — - *A6 2 + — ^ *AG 3 + 





*AG 3 ) * Q. T 



wherein: 
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providing a theoretical basic machine comprising a cradle and including a plurality of machine axes for relatively 
positioning and moving said tool and work gear with respect to one another, each of said axes representing 
a basic machine setting having a gear theoretical meaning, 

defining each of said plurality of machine settings as an active setting with each said active setting being 
5 represented by a function, 

providing a tooth flank surface comprising a plurality of lengthwise extending surface sections, 

defining a desired tooth flank surface modification in each section by determining a set of coefficients for each 

of said active settings indicative of said modification in each section, 

determining said function for each active setting based upon said coefficients for said each active setting in 
10 each section, 

transforming each active setting function for each section from said theoretical machine to the axes arrange- 
ment of said gear producing machine whereby active settings movement defined on said theoretical machine 
is carried out on one or more of the axes of said gear producing machine, 

removing stock material from each said section of said work gear with said tool in accordance with said active 
15 setting functions. 

38. The method of claim 37 wherein said determining coefficients in each section comprises selecting a plurality of 
identification points on said flank surface in said each section, the position of each of said points being described 
by a position value for each of said machine settings, and, 

20 determining said coefficients based on said position values. 

39. The method of claim 38 wherein said identification points are located along a path of contact on said tooth flank 
surface. 

25 40. The method of claim 38 wherein each said active function is a function to at least the second order. 

41 . The method of claim 40 wherein each said active function is a function to at least the fourth order. 

42. The method of claim 38 wherein each said section comprises the same number of identification points. 

30 

43. The method of claim 38 wherein not all sections comprise the same number of identification points. 

44. The method of claim 38 wherein an ending point in one section is coincident with a beginning point in an adjacent 
section. 

35 

45. The method of claim 38 wherein an ending point in one section is not coincident with a beginning point in an 
adjacent section. 

46. The method of claim 38 wherein an ending portion of a function in one section overlaps the beginning portion of 
40 a function in an adjacent section. 

Patentanspriiche 

45 1. Verfahren zur Erzeugung von Flankenflachen-Modifikationen an durch gesteuertes Entfernen von Material von 
einem zu bearbeitenden Zahnrad (50) mit einem Werkzeug (42). wobei das Verfahren umfasst: 

das Bereitstellen einer Zahnrad-Herstellungsmaschine, wobei die Maschine ein zu bearbeitendes Zahnrad, 
das um eine Bearbeitungsachse drehbar ist, und ein Werkzeug aufweist. das urn eine Werkzeugachse drehbar 
50 ist, wobei das Werkzeug und das zu bearbeitende Zahnrad in Bezug aufeinander entlang und/oder um eine 

Vielzahl von Achsen (A x , A y , A z ) drehbar sind, 

das Bereitstellen einer theoretischen Basismaschine, einen Schlitten umfassend und eine Vielzahl von Ma- 
schinenachsen aufweisend, um das Werkzeug und das zu bearbeitende Zahnrad in Bezug aufeinander zu 
55 positionieren und zu bewegen, wobei jede der Achsen eine Basis-Maschineneinstellung mit einer theoreti- 

schen Bedeutung fur das Zahnrad aufweist, 

das Definieren einer jeden der Vielzahl von Maschineneinstellungen als aktive Einstellung, wobei jede aktive 
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Einstellung durch eine Funktion dargestellt ist, 

das Definieren einer erwunschten Zahnflankenflachenmodifikation durch Bestimmen eines Satzes von Koef- 
fizienten fur jede der aktiven Einstellungen, der die Modifikation angibt, 

das Bestimmen der Funktion fur jede aktive Einstellung auf Basis der Koeffizienten fur jede aktive Einstellung, 

das Transform ieren jeder aktiven Einstellungsfunktion von der theoretischen Maschine auf die Achsenanord- 
nung der Zahnrad-Herstellungsmaschine, wodurch Bewegung aktiver Einstellungen, die auf der theoretische 
Maschine definiert ist, auf einer oder mehreren der Achsen der Zahnrad-Herstellungsmaschine durchgefuhrt 
wird, 

das Entfernen von Material vom zu bearbeitenden Zahnrad mit dem Werkzeug entsprechend den aktiven 
Einstellungsfunktionen. 

Verfahren nach Anspruch 1 , worin das Bestimmen von Koeffizienten das Auswahlen einer Vielzahl von Identifi- 
zierungspunkten auf der Flankenflache umfasst, wobei die Position eines jeden der Punkte durch einen Positions- 
wert fur jede der Maschineneinstellungen beschrieben wird, und 
das Bestimmen der Koeffizienten auf Basis der Positionswerte. 

Verfahren nach Anspruch 1 . worin die Identifizierungspunkte entlang eines Kontaktwegs auf derZahnflankenflache 
angeordnet sind. 

Verfahren nach Anspruch 1 , worin jede solche aktive Funktion eine Funktion zumindest zweiter Ordnung ist. 

Verfahren nach Anspruch 4, worin jede solche aktive Funktion eine Funktion zumindest vierter Ordnung ist. 

Verfahren nach Anspruch 1 , worin das gesteuerte Entfernen von Material ein generierendes Verfahren ist. 

Verfahren nach Anspruch 6, das zumindest neun aktive Einstellungen auf der theoretischen Basismaschine um- 
fasst. 

Verfahren nach Anspruch 7, worin die aktiven Einstellungen modifiziertes Walzen (Ra), spiralformige Bewegung 
(Xb), vertikale Bewegung (Em), modifizierte Exzentrizitat (S), modifizierte Teilkegellange (Xp), modifizierte Schrag- 
stellung (Pi), modifiziertes Schwenken (Pj), modifizierte Schneidkopf-Axialeinstellung (Xc) und modifizierter 
FuRkegelwinkel (Z) sind. 

Verfahren nach Anspruch 8, worin die aktive Einstellungsfunktion fur die modifizierte Exzentrizitat (S), die modifi- 
zierte Schragstellung (Pi), die modifizierte Schneidkopf-Axialeinstellung (Xc) und das modifizierte Schwenken (Pj) 
folgendermaBen definiert ist: 

AS 7 2 AS- 3 ASa 4 
AS = AS 0 +AS* *A9 + — - *AG + — - *AG + — -f *AG 
2 6 24 



VAS - {AS, + AS 2 *AG + *AG 2 + *AG 3 ) * £l T 

worin gilt: 

AS = die spezielle aktive Einstellung, 

VAS = die erste Ableitung der aktiven Einstellung, 

AS 0 , AS-|, ... = Koeffizienten zur Steuerung der Beziehung zwischen Werkzeug und zu bearbeitendem Zahn- 
rad, 

AG = Fiihrungsbewegung, und 

£lj = Geschwindigkeit der Fuhrungsbewegung. 
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10. Verfahren nach Anspruch 8 ; worin die aktive Einstellungsfunktion fur diespiralformige Bewegung (Xb), dievertikale 
Bewegung (Em), die modifizierte Teilkegellange (Xp) und den modifizierten FuBkegelwinkel (£) folgendermaften 
definiert ist: 

ASry O ASr> Q AS A A 

AS = AS n + AS. *AQ + — - *AG + — ^ *AG + — -f *AG 
0 1 2 6 24 



VAS = AS, + AS 2 *A6 + ^ *AG 2 + ^ *AG 3 



worin gilt: 

AS = die spezielle aktive Einstellung, 

VAS = die erste Ableitung der aktiven Einstellung, 

AS 0 , AS.,, ... = Koeffizienten zur Steuerung der Beziehung zwischen Werkzeug und zu bearbeitendem Zahn- 
rad, 

AG = Fuhrungsbewegung. 

11. Verfahren nach Anspruch 8, worin die aktive Einstellungsfunktion fur das Walzverhaltnis (Ra) folgendermaBen 
definiert ist: 

RcL* Rein o R3r> q R3a A 

Ra = Ra n * (1 - — 1 *AG - —± *AG^ - *AG J - — -± *AG ) 
o v 2 6 24 120 ' 

worin gilt: 

Ra = Verhaltnis der Walzeinstellung, 

Ra 0 , Ra 1 , ... = Koeffizienten zur Steuerung der Beziehung zwischen dem Werkzeug und dem zu bearbeitenden 
Zahnrad, 

AG = Fuhrungsbewegung. 

12. Verfahren nach Anspruch 1, worin das gesteuerte Entfernen von Material ein nichtgenerierender Vorgang ist. 

13. Verfahren nach Anspruch 12, worin die aktive Einstellungsfunktion folgendermaBen definiert ist: 

AS 2 2 ASc, 3 AS A a 
AS = (AS Q + AS, *AG + *A0 + *AG J + *AG 4 ) * Q r 



^2v 3 



VAS = (AS, + AS 2 *AG + —^*AG ) + *AG ) * O r 



worin gilt: 



AS = die spezielle aktive Einstellung, 

VAS = die erste Ableitung der aktiven Einstellung, 

AS 0 , AS-,, ... = Koeffizienten zur Steuerung der Beziehung zwischen Werkzeug und zu bearbeitendem Zahn- 
rad, 

AG = Fuhrungsbewegung. und 

Q T = Geschwindigkeit der Fuhrungsbewegung. 

14. Verfahren nach Anspruch 12, das zumindest vier aktive theoretische Basis-Maschineneinstellungen umfasst. 

15. Verfahren nach Anspruch 14, worin die aktiven Einstellungen zumindest eines aus modifizierter Rotationsposition 
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des zu bearbeitenden Zahnrads (Wg), spiralformiger Bewegung (Xb), modifizierten Hypoid-Offset (Em), modifi- 
zierter Exzentrizitat(S), modifizierter Teilkegellange (Xp), modifizierter Schragstellung (Pi), modifiziertem Schwen- 
ken (Pj), modifizierter Schneidkopf-Axialeinstellung (Xc) und modifiziertem FuBkegelwinkel (Z) umfasst. 

5 16. Verfahren nach Anspruch 15, worin dieaktiven Einstellungen spiralformige Bewegung (Xb), modifizierten Hypoid- 
Offset oder vertikale Bewegung (Em), modifizierte Teilkegellange (Xp) und modifizierten FuGkegelwinkel (Z) um- 
fassen. 

17. Verfahren nach Anspruch 15, worin die aktiven Einstellungen spiralformige Bewegung (Xb), modifizierte Exzen- 
10 trizitat (S), modifizierte Teilkegellange (Xp) und modifizierten FuGkegelwinkel (Z) umfassen. 

18. Verfahren nach Anspruch 1 , worin das zu bearbeitende Zahnrad ein stirnabwalzgefrastes Zahnrad ist, das sich 
zykloidisch erstreckende Zahnflankenflachen aufweist, wobei das Werkzeug eine Schleifscheibe ist und die Funk- 
tionen einen Schleifweg entlang dersich zykloidisch erstreckenden Zahnflankenflachen beschreiben. 

15 

1 9. Verfahren zur Erzeugung von Flankenflachen-Modif ikationen an Zahnradzahnen durch gesteuertes Entfernen von 
Material von einem zu bearbeitenden Zahnrad (50) mit einem Werkzeug (42), wobei das Verfahren umfasst: 

das Bereitstellen einer Zahnrad-Herstellungsmaschine, wobei die Maschine ein zu bearbeitendes Zahnrad, 
20 das urn eine Bearbeitungsachse drehbar ist, und ein Werkzeug aufweist, das um eine Werkzeugachse drehbar 

ist, wobei das Werkzeug und das zu bearbeitende Zahnrad in Bezug aufeinander linear entlang drei zueinander 
orthogonaler Achsen (A x , A y , A z ) und im Winkel um eine Schwenkachse Ap beweglich sind, 

das Bereitstellen einer theoretischen Basismaschine, einen Schlitten umfassend und eine Vielzahl von Ma- 
25 schinenachsen aufweisend, um das Werkzeug und das zu bearbeitende Zahnrad in Bezug aufeinander zu 

positionieren und zu bewegen, wobei jede der Achsen eine Basis-Maschineneinstellung mit einer theoreti- 
schen Bedeutung fur das Zahnrad aufweist, 

das Definieren einer jeden der Vielzahl von Maschineneinstellungen als aktive Einstellung, wobei jede aktive 
30 Einstellung durch eine Funktion dargestellt ist, 

das Definieren einer erwunschten Zahnflankenflachenmodifikation durch Bestimmen eines Satzes von Koef- 
fizienten fur jede der aktiven Einstellungen, der die Modifikation angibt, 

35 das Bestimmen der Funktion fur jede aktive Einstellung auf Basis der Koeffizienten fur jede aktive Einstellung, 

das Transformieren jeder aktiven Einstellungsfunktion von der theoretischen Maschine auf die Achsenanord- 
nung der Zahnrad-Herstellungsmaschine, wodurch Bewegung aktiver Einstellungen, die auf der theoretische 
Maschine definiert ist, auf einer oder mehreren der Achsen der Zahnrad-Herstellungsmaschine durchgefuhrt 
40 wird, 

das Entfernen von Material vom zu bearbeitenden Zahnrad mit dem Werkzeug entsprechend den aktiven 
Einstellungsfunktionen. 

45 20. Verfahren nach Anspruch 19, worin das Bestimmen von Koeffizienten das Auswahlen einer Vielzahl von Identifi- 
zierungspunkten auf der Flankenflache umfasst, wobei die Position eines jeden der Punkte durch einen Positions- 
wert fur jede der Maschineneinstellungen beschrieben wird, und das Bestimmen der Koeffizienten auf Basis der 
Positionswerte. 

50 21 . Verfahren nach Anspruch 19, worin die Identifizierungspunkte entlang eines Kontaktwegs auf der Zahnflankenfla- 
che angeordnet sind. 

22. Verfahren nach Anspruch 19, worin jede solche aktive Funktion eine Funktion zumindest zweiter Ordnung ist. 
55 23. Verfahren nach Anspruch 1 9, worin jede solche aktive Funktion eine Funktion zumindest vierter Ordnung ist. 
24. Verfahren nach Anspruch 19, worin das gesteuerte Entfernen von Material ein generierendes Verfahren ist. 
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25. Verfahren nach Anspruch 24, das zumindest neun aktive theoretische Basis-Maschineneinstellungen umfasst. 

26. Verfahren nach Anspruch 25, worin die aktiven Einstellungen zumindest eines aus modifiziertem Walzen (Ra), 
spiralformiger Bewegung (Xb), vertikaler Bewegung (Em), modifizierter Exzentrizitat (S), modifizierter Teilkegel- 

5 lange (Xp), modifizierter Schragstellung (Pi), modifiziertem Schwenken (Pj), modifizierter Schneidkopf-Axialein- 

stellung (Xc) und modifiziertem Fuf3kegelwinkel (Z) umfassen. 

27. Verfahren nach Anspruch 26, worin die aktive Einstellungsfunktion fur die modifizierte Exzentrizitat (S), die modi- 
fizierte Schragstellung (Pi), die modifizierte Schneidkopf-Axialeinstellung (Xc) und das modifizierte Schwenken 

10 (Pj) folgendermaRen definiert ist: 



AS = AS* + AS* *AG + — ± *AG^ + — - *AG + —f * AG 
0 1 2 6 24 

15 

AS* 2 as a 3 
VAS = (AS, + AS 2 *AG + *AG + *AG ) * Q T 



20 worin gilt: 

AS = die spezielle aktive Einstellung, 

VAS = die erste Ableitung der aktiven Einstellung, 

AS 0 , AS-|, ... = Koeffizienten zur Steuerung der Beziehung zwischen Werkzeug und zu bearbeitendem Zahn- 
25 rad, 

AG = Fuhrungsbewegung. und 

£1 T = Geschwindigkeit der Fuhrungsbewegung. 

28. Verfahren nach Anspruch 26, worin die aktive Einstellungsfunktion fur die spiralfbrmige Bewegung (Xb), die ver- 
30 tikale Bewegung (Em), die modifizierte Teilkegellange (Xp) und den modifizierten FuRkegelwinkel (Z) folgender- 

maBen definiert ist: 



AS = AS 0 + AS. *AQ + — - *AG + — - *AG + — -f *AG 
0 1 2 6 24 



VAS = AS. + AS 2 *A6 + — - *AG 2 + — - *A9 3 
2. o 

40 

worin gilt: 

AS = die spezielle aktive Einstellung, 
VAS = die erste Ableitung der aktiven Einstellung, 
45 AS 0 , AS 15 ... = Koeffizienten zur Steuerung der Beziehung zwischen Werkzeug und zu bearbeitendem Zahn- 

rad, 

AG = Fuhrungsbewegung. 

29. Verfahren nach Anspruch 26, worin die aktive Einstellungsfunktion fur das Walzverhaltnis (Ra) folgendermaBen 
50 definiert ist: 



Ra* F\d.n p RSo q A. 

Ra = Fta* *(1 — — ^ *AG - — ^ *A9 - *A6 - — ^ *A6 ) 
0 v 2 6 24 120 ' 

55 

worin gilt: 

Ra = Verhaltnis der Walzeinstellung, 
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Ra 0 , Ra 1 , ... = Koeffizienten zur Steuerung der Beziehung zwischen dem Werkzeug und dem zu bearbeitenden 
Zahnrad, 

A0 = Fuhrungsbewegung. 

5 30. Verfahren nach Anspruch 19, worin das gesteuerte Entfernen von Material ein nichtgenerierender Vorgang ist. 
31. Verfahren nach Anspruch 30, worin die aktive Einstellungsfunktion folgendermaften definiert ist: 

AS 9 2 AS* 3 AS, 4 
10 AS = AS Q + AS. *AG + — - *AG^ + — - *AG J + —f * AG 4 

0 1 2 6 24 



VAS = (AS, 4- AS 2 *AG + *AG 2 + *A6 3 ) * £2 T 

worin gilt: 

AS = die spezielle aktive Einstellung, 
20 VAS = die erste Ableitung der aktiven Einstellung, 

AS 0 , AS.,, ... = Koeffizienten zur Steuerung der Beziehung zwischen Werkzeug und zu bearbeitendem Zahn- 
rad, 

AG = Fuhrungsbewegung. und 

£lj = Geschwindigkeit der Fuhrungsbewegung. 

25 

32. Verfahren nach Anspruch 30, das zumindest vier aktive theoretische Basis-Maschineneinstellungen umfasst. 

33. Verfahren nach Anspruch 32, worin die aktiven Einstellungen zumindest eines aus modifizierter Rotationsposition 
des zu bearbeitenden Zahnrads (Wg), spiralformiger Bewegung (Xb), modifiziertem Hypoid-Offset (Em), modifi- 

30 zierter Exzentrizitat (S), modifizierter Teilkegellange (Xp), modifizierter Schragstellung (Pi), modifiziertem Schwen- 

ken (Pj), modifizierter Schneidkopf-Axialeinstellung (Xc) und modifiziertem FuBkegelwinkel (Z) umfasst. 

34. Verfahren nach Anspruch 33, worin die aktiven Einstellungen spiralformige Bewegung (Xb), modifizierte Hypoid- 
versetzung oder vertikale Bewegung (Em), modifizierte Teilkegellange (Xp) und modifizierten FuBkegelwinkel (2) 

35 umfassen. 

35. Verfahren nach Anspruch 33, worin die aktiven Einstellungen spiralformige Bewegung (Xb), modifizierte Exzen- 
trizitat (S), modifizierte Teilkegellange (Xp) und modifizierten FuBkegelwinkel (Z) umfassen. 

40 36. Verfahren nach Anspruch 19, worin das zu bearbeitende Zahnrad ein stirnabwalzgefrastes Zahnrad ist, das sich 
zykloidisch erstreckende Zahnflankenflachen aufweist, wobei das Werkzeug eine Schleifscheibe ist und die Funk- 
tionen einen Schleifweg entlang der sich zykloidisch erstreckenden Zahnflankenflachen beschreiben. 

37. Verfahren zur Erzeugung von Flankenflachen-Modifikationen an Zahnradzahnen durch gesteuertes Entfernen von 
45 Material von einem zu bearbeitenden Zahnrad (50) mit einem Werkzeug (42), wobei das Verfahren umfasst: 

das Bereitstellen einer Zahnrad-Herstellungsmaschine, wobei die Maschine ein zu bearbeitendes Zahnrad, 
das urn eine Bearbeitungsachse drehbar ist, und ein Werkzeug aufweist, das urn eine Werkzeugachse drehbar 
ist, wobei das Werkzeug und das zu bearbeitende Zahnrad in Bezug aufeinander entlang und/oder urn eine 
50 Vielzahl von Achsen (A x , A y , A z A P , W G , W T ) bewegbar sind, 

das Bereitstellen einer theoretischen Basismaschine, einen Schlitten umfassend und eine Vielzahl von Ma- 
schinenachsen aufweisend, um das Werkzeug und das zu bearbeitende Zahnrad in Bezug aufeinander zu 
positionieren und zu bewegen, wobei jede der Achsen eine Basis-Maschineneinstellung mit einer theoreti- 
55 schen Bedeutung fur das Zahnrad aufweist, 

das Definieren einer jeden der Vielzahl von Maschineneinstellungen als aktive Einstellung, wobei jede aktive 
Einstellung durch eine Funktion dargestellt ist, 
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das Bereitstellen einer Zahnflankenflache, die eine Vielzahl von sich in Langsrichtung erstreckenden Flachen- 
abschnitten umfasst, 

das Definieren einer erwunschten Zahnflankenflachenmodifikation in jedem Abschnitt durch Bestimmen eines 
5 Satzes von Koeffizienten fur jede der aktiven Einstellungen, der die Modifikation in jedem Abschnitt angibt, 

das Bestimmen der Funktion fur jede aktive Einstellung auf Basis der Koeffizienten fur jede aktive Einstellung 
in jedem Abschnitt, 

10 das Transform ieren jeder aktiven Einstellungsfunktion furjeden Abschnitt von dertheoretischen Maschine auf 

die Achsenanordnung der Zahnrad-Herstellungsmaschine, wodurch Bewegung aktiver Einstellungen, die auf 
der theoretische Maschine definiert ist, auf einer oder mehreren der Achsen der Zahnrad-Herstellungsma- 
schine durchgefiihrt wird, 

15 das Entfernen von Material von jedem Abschnitt des zu bearbeitenden Zahnrads mit dem Werkzeug entspre- 

chend den aktiven Einstellungsfunktionen. 

38. Verfahren nach Anspruch 37, worin das Bestimmen der Koeffizienten in jedem Abschnitt das Auswahlen einer 
Vielzahl von Identifizierungspunkten auf der Flankenflache in jedem Abschnitt umfasst, wobei die Position eines 

20 jeden der Punkte durch einen Positionswert fur jede der Maschineneinstellungen beschrieben wird, und 

das Bestimmen der Koeffizienten auf Basis der Positionswerte. 

39. Verfahren nach Anspruch 38, worin die Identifizierungspunkte entlang eines Kontaktwegs auf der Zahnflankenfla- 
che angeordnet sind. 

25 

40. Verfahren nach Anspruch 38, worin jede solche aktive Funktion eine Funktion zumindest zweiter Ordnung ist. 

41 . Verfahren nach Anspruch 40, worin jede solche aktive Funktion eine Funktion zumindest vierter Ordnung ist. 
30 42. Verfahren nach Anspruch 38, worin jeder der Abschnitte die gleiche Anzahl an Identifizierungspunkten umfasst. 

43. Verfahren nach Anspruch 38, worin nicht alle Abschnitte die gleiche Anzahl an Identifizierungspunkten umfassen. 

44. Verfahren nach Anspruch 38, worin ein Endpunkt in einem Abschnitt mit einem Anfangspunkt in einem benach- 
35 barten Abschnitt zusammenfallt. 

45. Verfahren nach Anspruch 38, worin ein Endpunkt in einem Abschnitt nicht mit einem Anfangspunkt in einem be- 
nachbarten Abschnitt zusammenfallt. 

40 46. Verfahren nach Anspruch 38, worin ein Endabschnitt einer Funktion in einem Abschnitt den Anfangsabschnitt einer 
Funktion in einem benachbarten Abschnitt uberlappt. 



Revendications 

45 

1. Un procede pour realiser des modifications de surface du flanc de dents de roues dentee par un retrait controle 
de matiere a partir d'une roue dentee d'ouvrage (50) a I'aide d'un outil (42). ledit procede comprenant les etapes 
consistant a : 



50 prevoir une machine de realisation de roues dentees, ladite machine incluant une roue dentee d'ouvrage 

pouvant tourner autour d'un axe d'ouvrage et un outil pouvant tourner autour d'un axe d'outil, ledit outil et ladite 
roue dentee d'ouvrage pouvant se deplacer I'un par rapport a I'autre le long et/autour d'une pluralite d'axes 
(A x , Ay, A z ), 

prevoir une machine de base theorique comprenant un berceau et incluant une pluralite d'axes machine pour 
55 mettre en place et deplacer relativement ledit outil et ladite roue dentee d'ouvrage I'un par rapport a I'autre, 

chacun desdits axes representant un reglage machine de base ayant une signification theorique de roue 
dentee, 

definir chacun de ladite pluralite de reglages machine comme etant un reglage actif , chaque reglage actif etant 
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represents par une fonction, 

definir une modification desiree de surface du flanc de dents en determinant une serie de coefficients pour 
chacun desdits reglages actifs indicateurs de ladite modification, 

determiner ladite fonction pour chaque reglage actif sur la base desdits coefficients pour chaque reglage actif , 
transformer chaque fonction de reglage actif issue de ladite machine theorique a la disposition des axes de 
ladite machine de realisation de roues dentees, de sorte qu'un mouvement de reglage actif, defini sur ladite 
machine theorique, est mis en oeuvre sur un ou plusieurs des axes de ladite machine de realisation de roues 
dentees, 

retirer la matiere de ladite roue dentee d'ouvrage a I'aide dudit outil, conformement auxdites fonctions de 
reglage actif. 

2. Le procede de la revendication 1 , dans lequel ladite etape consistant a determiner des coefficients comprend la 
selection d'une pluralite de points d'identification sur ladite surface du flanc, la position de chacun desdits points 
etant decrite par une valeur de position pour chacun desdits reglages machine, et 

determiner lesdits coefficients sur la base desdites valeurs de position. 

3. Le procede de la revendication 1 , dans lequel lesdits points d'identification sont situes le long d'un trajet de contact 
sur ladite surface du flanc de dents. 

4. Le procede de la revendication 1 , dans lequel chaque fonction active est une fonction d'au moins le second ordre. 

5. Le procede de la revendication 4, dans lequel chaquefonction active est une fonction d'au moins le quatrieme ordre. 

6. Le procede de la revendication 1 . dans lequel ledit retrait controle de matiere est un processus generateur. 

7. Le procede de la revendication 6, comprenant au moins neuf reglages actifs sur ladite machine de base theorique. 

8. Le procede de la revendication 7, dans lequel lesdits reglages actifs comprennent un roulis modifie (Ra), un mou- 
vement helicoTdal (Xb), un mouvement vertical (Em), une excentricite modifiee (S), une generatrice de cone mo- 
difiee (Xp), une inclinaison modifiee (Pi), un pivotement modifie (Pj), un reglage axial de la tete de I'organe de 
coupe modifie (Xc), et un angle de pied modifie (£). 

9. Le procede de la revendication 8, dans lequel ladite fonction de reglage actif pour ladite excentricite modifiee (S), 
ladite inclinaison modifiee (Pi), ledit reglage axial de la tete de I'organe de coupe modifie (Xc), et ledit pivotement 
modifie (Pj) est defini par : 

AS 9 2 ASr, 3 AS, 4 
AS = AS* + AS. *A0 + -=F *AG> + — ^ *A0 + —f *A0 
o 1 2 6 24 



VAS = (AS. + AS 2 *A0 + ^ *A0 2 + ^ *A0 3 ) * C2 T 

2 o 

ou : 

AS = le reglage actif particulier, 

VAS = la premiere derivee du reglage actif, 

AS 0 = AS 1; ... = coefficients pour controler la relation entre I'outil et la roue dentee d'ouvrage, 

A0 = mouvement d'avance, et 

QJ= Vitesse de mouvement d'avance. 

10. Le procede selon la revendication 8, dans lequel ladite fonction de reglage actif pour ledit mouvement helicoidal 
(Xb), ledit mouvement vertical (Em), ladite generatrice de cone modifiee (Xp), et ledit angle de pied modifie (£) 
est definie par : 
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10 



15 



20 



30 



35 



40 



50 



55 



AS 9 p AS^ 3 AS* 4 
AS = AS n + AS. *A0 + — = *A0 + *A0 + — ^ *AG 
0 1 2 6 24 



VAS = >4S 1 + AS 2 *A0 + ^ *A0 2 + ^ *A0 3 

ou : 

AS = le reglage actif particulier, 

VAS = la premiere derivee du reglage actif, 

AS 0 = AS-,,... = coefficients pour controler la relation entre I'outil et la roue dentee d'ouvrage, 
A0 = mouvement d'avance. 

11. Le procede selon la revendication 8, dans lequel ladite fonction de reglage actif pour ledit rapport de roulis (Ra) 
est definie par : 

Rct-i Retry O RSq r> R3.A A 

Ra = fla 0 *(1 - — ^ *A0 - — - *A0 - — 4 *A0 - — *A0 ) 
0^2 6 24 120 1 



25 Ra = le rapport de reglage de roulis, 

Ra 0 , Ra-,,... : = coefficients pour controler la relation entre I'outil et la roue dentee d'ouvrage, 
A0 = mouvement d'avance. 



12. Le procede de la revendication 1 . dans lequel ledit retrait controle de matiere est un processus non generateur. 

13. Le procede de la revendication 12, dans lequel ladite fonction de reglage actif est definie par : 

AS 9 2 AS* 3 AS, 4 
AS = AS n + AS, *A0 + -tt 1 *A0 + — ^ *A0 + — -f *A0 
o 1 2 6 24 

VAS = (AS^ + AS 2 *A0 + ^ *A0 2 + ^ *A0 3 ) * Q T 

ou : 



AS = le reglage actif particulier, 
VAS = premiere derivee de reglage actif, 
45 AS 0 , AS 1 = coefficients pour controler la relation entre I'outil et la roue dentee d'ouvrage, 

A0 = mouvement d'avance 
£lj= vitesse de mouvement d'avance. 



14. Le procede de la revendication 12 comprenant au moins quatre reglages machine de base theoriques actifs. 

15. Le procede de la revendication 14, dans lequel lesdits reglages actifs comprennentau moins I'un parmi une position 
de rotation de roue dentee d'ouvrage modifiee (Wg), un mouvement helicoidal (Xb), un decalage hypo'i'de modifie 
(Em), une excentricite modifiee (S), une generatrice de cone modifiee (Xp), une inclinaison modifiee (Pi), un pi- 
votement modifie (Pj), un reglage axial de latete de I'organede coupe modifie (Xc), et un angle de pied modifie (£). 

16. Le procede de la revendication 1 5, dans lequel lesdits reglages actifs comprennent un mouvement helicoidal (Xb), 
un mouvement vertical ou de decalage hypoide modifie (Em), une generatrice de cone modifiee (Xp), et un angle 
de pied modifie (Z). 
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17. Le procede de la revendication 15, dans lequel lesdits reglages actifs comprennent un mouvement helicoTdal (Xb), 
une excentricite modifiee (S), une generatrice de cone modifiee (Xp), et un angle de pied modifie (E). 

18. Le procede de la revendication 1 , dans lequel ladite roue dentee d'ouvrage est une roue dentee a face taillee, 
5 presentant des surfaces desflancs de dents s'etendantde maniere cycloTdale, leditoutil est une roue de meulage, 

et lesdites fonctions decrivent un trajet de meulage le long desdites surfaces des flancs de dents s'etendant de 
maniere cycloTdale. 

19. Un procede pour realiser des modifications de surface du flanc de dents de roues dentees par un retrait controle 
10 de matiere d'une roue dentee d'ouvrage (50) a I'aide d'un outil (42), ledit procede comprenant les etapes consistant 

a: 

prevoir une machine de realisation de roues dentees, ladite machine presentant une roue dentee d'ouvrage 
pouvant tourner autour d'un axe d'ouvrage et un outil pouvant tourner autour d'un axe d'outil, ledit outil et ladite 

15 roue dentee d'ouvrage pouvant se deplacer lineairement I'un par rapport a I'autre le long de trois axes mu- 

tuellement orthogonaux (A x , A y , A z ) et angulairement autour d'un axe de pivotement (Ap), 
prevoir une machine de base theorique comprenant un berceau et incluant une pluralite d'axes machine pour 
mettre en place et deplacer relativement ledit outil et ladite roue dentee d'ouvrage I'un par rapport a I'autre, 
chacun desdits axes representant un reglage machine de base ayant une signification theorique de roue 

20 dentee, 

definir chacun de ladite pluralite de reglages machine comme etant un reglage actif , chaque reglage actif etant 
represents par une fonction, 

definir une modification desiree de surface du flanc de dents en determinant une serie de coefficients pour 
chacun desdits reglages actifs indicateurs de ladite modification, 
25 determiner ladite fonction pour chaque reglage actif sur la base desdits coefficients pour chaque reglage actif, 

transformer chaque fonction de reglage actif issue de ladite machine theorique a la disposition des axes de 
ladite machine de realisation de roues dentees, de sorte qu'un mouvement de reglage actif, defini sur ladite 
machine theorique, est mis en oeuvre sur un ou plusieurs des axes de ladite machine de realisation de roues 
dentees, 

30 retirer la matiere de ladite roue dentee d'ouvrage a I'aide dudit outil sur ladite machine de realisation de roues 

dentees, conformement auxdites fonctions de reglage actif. 

20. Le procede de la revendication 19, dans lequel ladite etape consistant a determiner des coefficients comprend la 
selection d'une pluralite de points d'identification sur ladite surface du flanc, la position de chacun desdits points 

35 etant decrite par une valeur de position pour chacun desdits reglages machine, et 

determiner lesdits coefficients sur la base desdites valeurs de position. 

21 . Le procede de la revendication 19, dans lequel lesdits points d'identification sont situes le long d'un trajet de contact 
sur ladite surface du flanc de dents. 

40 

22. Le procede de la revendication 1 9, dans lequel chaque fonction active est une fonction d'au moins le second ordre. 

23. Le procede de la revendication 19, dans lequel chaque fonction active est une fonction d'au moins le quatrieme 
ordre. 

45 

24. Le procede de la revendication 19, dans lequel ledit retrait controle de matiere est un processus generateur. 

25. Le procede de la revendication 24, comprenant au moins neuf reglages machine de base theoriques actifs. 

50 26. Le procede de la revendication 25, dans lequel lesdits reglages actifs comprennent au moins un parmi un roulis 
modifie (Ra), un mouvement helicoTdal (Xb), un mouvement vertical (Em), une excentricite modifiee (S), une ge- 
neratrice de cone modifiee (Xp), une inclinaison modifiee (Pi), un pivotement modifie (Pj), un reglage axial de la 
tete de I'organe de coupe modifie (Xc), et un angle de pied modifie (Z ). 

55 27. le procede de la revendication 26. dans lequel ladite fonction de reglage actif pour ladite excentricite (S), ladite 
inclinaison modifiee (Pi) ledit reglage axial de la tete de I'organe de coupe modifie (Xc), et ledit pivotement modifie 
(Pj) est definie par : 
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AS 9 2 ASr, 3 AS A 4 
AS = AS n + AS. *A0 + — - *A0 + — ^ *A0 + -=-^ *A0 
o 1 2 6 24 

VAS = (v4S 1 + >AS 2 *A0 + ^ *A0 2 + ^ *A0 3 )* Q r 

ou : 

AS = le reglage actif particulier, 

VAS = premiere derivee du reglage actif, 

AS 0 , AS-,..... = coefficients pour controler la relation entre I'outil et la roue dentee d'ouvrage, 

A0 = mouvement d'avance, et 

OT = vitesse de mouvement d'avance. 

28. Le procede de la revendication 26 : dans lequel ladite fonction de reglage actif pour ledit mouvement helicoidal 
(Xb), ledit mouvement vertical (Em), ladite generatrice de cone modifiee (Xp), et ledit angle de pied modifie (£) 
est definie par : 

AS? p 4S 3 3 AS, A 
AS = AS n + AS, *A0 + -— - *A0 + — ^ *A0 + —f *A0 
0 1 2 6 24 



VAS = AS A + AS 2 *A0 + ^ *A0 2 + ^ *A0 3 

ou : 

AS = le reglage actif particulier, 

VAS = premiere derivee du reglage actif, 

AS 0 , AS 1f = coefficients pour controler la relation entre I'outil et la roue dentee d'ouvrage, 
A0 = mouvement d'avance. 

29. Le procede de la revendication 26, dans lequel ladite fonction de reglage actif pour ledit rapport de roulis (Ra) est 
defini par : 

Ra* Ra 0 0 Ra^ o Ra A A 

Ra = Ra„ *(1 - *A0 - — ^ *A0 - *A0 - -— * *A0 ) 
o v 2 6 24 120 ' 



ou : 

Ra = le rapport de reglage de roulis, 

Ra 0 , Ra-| = coefficients pour controler la relation entre I'outil et la roue dentee d'ouvrage, 
A0 = mouvement d'avance. 

30. Le procede de la revendication 19, dans lequel ledit retrait controle de matiere est un processus non generateur. 

31. Le procede de la revendication 30, dans lequel ladite fonction de reglage actif est definie par : 

ASq o ASr> 3 ASa a 

AS = AS* + AS, *A0 + -— ^ *A0 + — ^ *A0 + — == *A0 
0 1 2 6 24 
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VAS = (AS^ + AS 2 *A0 + ^ *AQ 2 + ^± *A0 3 ) * Q T 



ou : 



AS = le reglage actif particulier, 

VAS = premiere derivee de reglage actif, 

AS 0 , AS 1; ... = coefficients pour controler la relation entre I'outil et la roue dentee d'ouvrage, 
10 A® = mouvement d'avance, 

£2T = vitesse de mouvement d'avance. 

32. Le procede de la revendication 30, comprenant au moins quatre reglages machine de base theoriques actifs. 

15 33. Le procede de la revendication 32, dans lequel lesdits reglages actifs comprennent une position de rotation de 
roue dentee d'ouvrage modifiee (Wg), un mouvement helicoidal (Xb), un decalage hypoide modifie (Em), une 
excentricite modifiee (S), une generatrice de cone modifiee (Xp), une inclinaison modifiee (Pi), un pivotement 
modifie (Pj), un reglage axial de la tete, de I'organe de coupe modifie (Xc), et un angle de pied modifie (£). 

20 34. Le procede de la revendication 33, dans lequel lesdits reglages actifs comprennent un mouvement helicoidal (Xb), 
un mouvement vertical ou de decalage hypoide modifie (Em), une generatrice de cone modifiee (Xp), et un angle 
de pied modifie (Z). 

35. Le procede de la revendication 33, dans lequel lesdits reglages actifs comprennent un mouvement helicoidal (Xb), 
25 une excentricite modifiee (S), une generatrice de cone modifiee (Xp), et un angle de pied modifie (E). 

36. Le procede de la revendication 19, dans lequel ladite roue dentee d'ouvrage est une roue dentee a face taillee, 
presentant des surfaces des flancs de dents s'etendant de maniere cycloidale, ledit outil est une roue de meulage, 
et lesdites fonctions decrivent un trajet de meulage le long desdites surfaces des flancs de dents s'etendant de 

30 maniere cycloTdale. 

37. Un procede pour realiser des modifications de surface du flanc de dents de roues dentees par un retrait controle 
de matiere a partir d'une roue dentee d'ouvrage (50) a I'aide d'un outil (42), ledit procede comprenant les etapes 
consistant a : 

35 

prevoir une machine de realisation de roues dentees, ladite machine presentant une roue dentee d'ouvrage 
pouvanttournerautourd'un axe d'ouvrage etun outil pouvanttournerautourd'un axed'outil, ledit outil et ladite 
roue dentee d'ouvrage pouvant se deplacer Tun par rapport a I'autre, le long et/ou autour d'une pluralite d'axes 
(A x , Ay, A Z) Ap, W G , W T ), 

40 prevoir une machine de base theorique comprenant un berceau et incluant une pluralite d'axes machine pour 

mettre en place et deplacer relativement ledit outil et ladite roue dentee d'ouvrage I'un par rapport a I'autre, 
chacun desdits axes representant un reglage machine de base ayant une signification theorique de roue 
dentee, 

definir chacun de ladite pluralite de reglages machine comme etant un reglage actif, chaque reglage actif etant 
45 represents par une fonction, 

prevoir une surface de flanc de dents comprenant une pluralite de sections de surface s'etendant longitudi- 
nalement, 

definir une modification desiree de la surface du flanc de dents dans chaque section en determinant une serie 
de coefficients pour chacun desdits reglages actifs indicateurs de ladite modification dans chaque section, 
50 determiner ladite fonction pour chaque reglage actif sur la base desdits coefficients pour chaque reglage actif 

dans chaque section, 

transformer chaque fonction de reglage actif pour chaque section issue de ladite machine theorique a la dis- 
position des axes de ladite machine de realisation de roues dentees. de sorte qu'un mouvement de reglage 
actif, defini sur ladite machine theorique, est mis en oeuvre sur un ou plusieurs des axes de ladite machine 
55 de realisation de roues dentees, 

retirer la matiere de chaque section de ladite roue dentee d'ouvrage a I'aide dudit outil, conformement auxdites 
fonctions de reglage actif. 
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38. Le procede de la revendication 37 ; dans lequel ladite etape consistant a determiner des coefficients dans chaque 
section comprend la selection d'une pluralite de points d'identif ication sur ladite surface du flanc de chaque section , 
la position de chacun desdits points etant decrite par une valeur de position pour chacun desdits reglages machine, 
et 

determiner lesdits coefficients sur la base desdites valeurs de position. 

39. le procede de la revendication 38, dans lequel lesdits points d'identif ication sont situes le long d'un trajet de contact 
sur lesdites surfaces du flanc de dents. 

40. Le procede de la revendication 38, dans lequel chaque fonction active est unefonction d'au moins le second ordre. 

41. Le procede de la revendication 40, dans lequel chaque fonction active est unefonction d'au moins le quatrieme 
ordre. 

42. le procede de la revendication 38, dans lequel chaque section comprend le meme nombre de points d'identif ication. 

43. Le procede de la revendication 38, dans lequel toutes les sections ne comprennent pas le meme nombre de points 
d'identification. 

44. Le procede de la revendication 38, dans lequel un point d'extremite d'une section coincide avec un point de debut 
d'une section adjacente. 

45. Le procede de la revendication 38, dans lequel un point d'extremite d'une section ne coincide pas avec un point 
de debut d'une section adjacente. 

46. Le procede de la revendication 38, dans lequel une portion d'extremite d'une fonction dans une section recouvre 
partiellement la section de debut d'une fonction dans une section adjacente. 
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FIG I 
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GENERATING GEAR 



PITCH APEX 

FIG 6 
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FIG 7 




FIG 8 
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FIG 9 
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